Abstract -An experimental analysis of the vacuum arc behaviour in a pulsed transverse magnetic field with amplitudes up to 120 mT and frequency of 900 Hz is presented in the paper. The arc was produced between Cu contacts during switching-off a current half-wave of amplitude 500A and frequehcy of 30 Hz. Arc photographs at the speed of 2000 framesls and plasma parameter measurement using a Langmuir probe show, that the Lorentz force acting on ions dominates in the arc displacement under the magnetic field in the tested conditions.
INTRODUCTION
The interaction between vacuum arcs and transverse magnetic fields has been studied and reported in the literature theoretically and experimentally by many authors. Emtage, Kimblin et al. [ I ] have studied these problems for a high voltage device and for currents from 6 kA to 15 kA both: theoretically and experimentally. They have described the effect of a large arc voltage increase as result of the plasma structure between contacts in magnetic field. However, the plasma structure itb the interelectrode space observed in [2, 31 for arc currents from 50 A to 100 A is different as presented in [l] . Fang [4] shows in a model of arc behaviour in a transverse magnetic field, that both: the arc velocity and the phenomenon of retrograde motion depend on the magnetic field density. Also a wide range of experiments with high current arcs in magnetic fields presented in [ 5 , 61 show relations between arc voltage, arc glow regions, arc moving and magnetic fields. The study of the works mentioned here and other known from the literature show, that a generalisation of some phenomena can be sometimes problematical because of specifics of used test circuits. For example the current flow during the oscillatory magnetic field action presented in [5] w a s fully not disturbed and at the similar parameters of current and field in [ 11 the current was interrupted. A question in some circuits is to distinguish the role of the magnetic field and the role of the capacitor parallel connected to the contacts [l] , which take over the arc charge during the commutation process. Because of these reasons the particularities of the test arrangement seems to be important for the obtained results. In order to attain a representation of these phenomena for a vacuum switching device which corresponds to a low voltage one, a series of experiments were undertaken [7] and the presented paper is continuation of this work.
The paper presents results of an experimental analysis of the vacuum arc behaviour in a pulsed or oscillatory transverse magnetic field. Parameters of arc current, contact arrangement and magnetic field values correspond to a relatively simple switching device, adequate to low voltage circuits. The aim of the work was to observe plasma parameters in order to evaluate the possibility of using some phenomena to a forced current interruption in vacuum. The reported tests are continuation of earlier experiments performed for magnetic fields proportional to arc current, reported in [7] .
EXPERIMENTAL CIRCUIT
Experiments were carried out in the laboratory test arrangement (Fig. l) , in which one can distinguish two circuits: first, the circuit C-L-SV-VC-S of the main arc current i and second, the circuit C,-Lm-T-L'-L"-S2 of the current in, to produce the magnetic field. The current source in both circuits were capacitors C and C, respectively. The half-wave of main cuuent i, with amplitude of 500 A and frequency of about 30 Hz , was switched-on by the switch SV, (time instant to , Fig. 3 ), and then switched-off in the vacbum chamber VC (time instant tl , Fig. 3 ) between Cu flat contacts of 20 mm diameter, opened mechanically with the speed of 0.4 mls. At a certain time instant during arcing period, when the contacts reached the distance of about 3.5-4 mm (time instant tz , Fig. 3) , the current i , was switched-on by the thyristor switch T and the magnetic field in coreless coils L', L" was produced. The coils were mounted inside the vacuum chamber VC, and contacts were situated symmetrically in the geometrical centre between coils. The current in, of frequency about 900 Hz and first amplitude of 800 A (Fig. 5 ) produced the magnetic field of the same frequency and the first amplitude of 120 mT. The oscillatory current i, was strongly dumped ( Observations of the vacuum arc behaviour in the magnetic field were performed using two methods: arc photographs made at the speed 2000 fraineds, measurements with the shielded Langmuir probe.
The Langmuir probe (Fig. 2 ) was shielded with a housing made of a ferromagnetic alloy (Pe+Ni+Co) in order to protect it from the direct influence of the magnetic field. The housing was floated during all measurements. The entrance hole of the probe was situated in front of the contacts, near the chamber-wall, relatively far from the magnetic coils (Fig. 2 ) in order to measure the plasma signal coming from the interelectrode space. The probe was supplied with1 a stationary potential U, and the probe signal Zp was measured in the circuit shown in the Fig. 2 . (5-7) present the arc at the end and after the magnetic field action. The switching-on of the magnetic field causes significant changes in the arc picture: the cathode spots tend to concentrate (along the magnetic field lines [1, 3, 5] , what is shown as a single lighting region on the picture at camera ,,looking" as sketched in the Fig. 4b ), and the lighting intensity at this time increase. Also few lighting points, like small metallic drops expanding from the arcing region (Fig. 4a, frame No 4) , are visible at this time period. Similar phenomena with appearance of ejected metallic droplets were observed in [2] . This ejection and the luminosity of the arc was in [2] largely reduced with the application of the magnetic field. Similar phenomena were observed during the reported experiments, where from the frame No 5 the lighting process disappears, and after the picture 7 up to the end of the current flow i (Fig. 3 ) there are not observed any lighting phenomena between the contacts. However, the main current J flowed (Fig.   3 ) without any disturbances. It should be here taken into account, that the steel vessel of the chamber was grounded, i.e. directly connected with the cathode. The magnetic field caused likely the dispersion of the arc from the cathode to the farther elements of the chamber vessel. A similar observation was made during earlier experiments [7] . It shows a possibility of using of shields connected with the cathode, which could be activated by the magnetic field in order to take over the charge of the vacuum arc. On the oscillograms (Fig. 3 (Fig. 4a) , what is indicated also in the Fig. 3 .
The other observation concerns the direction of the arc moving during the magnetic field action. The exposure time of each frame was about 0.5 ms, i.e. with one halfwave of current i, (Fig. 5) and of magnetic field density 4b ). In the Fig. 4b are sketched also the vectors of ion velocity vi and of the Lorentz force acting on ions in the magnetic field. Thus, the analysis of the presented pictures shows, that the displacement of the lighting places in the arc, interpreted here as moving of ions [1, 2, 5] corresponds with the Lorentz force. Such a tendency was observed also in earlier works [7] with magnetic field proportional to the switched-off current. The phenomena in the arc structure caused by the Hall field, presented in [ 11 for a high voltage device and higher values of B and dB/dt were here not observed.
(1) Fig. 5 . Example of oscillograms of the current i, , magnetic flux density B and probe current Zp. Probe potential +5 V, direction of B ,,+" (Fig. 6) ; dtl,dtz,dt, -time intervals: before the magnetic field action, during the first and second half-waves of B respectively, iztime instant of switching on of B.
PLASMA PARAMETER MEASUREMENT USING THE LANGMUIR PROBE
Measurements of plasma parameters using the Langmuir probe (Fig. 2 ) were performed at two probe potentials [SI: U,= +5 V, lower than the floating potential, in order to receive a saturated ion signal, * U, = +30 V, higher than the plasma potential, in order to obtain a saturated electron signal. Thus, the signal coming into the probe housing was not separated, but the selection between ion and electron currents was reached using only the probe potential [2, 8, 91 . This relatively simple measuring manner gives rather not too high level of accuracy, but on the other hand it enables to eliminate errors which can be caused by more complicated arrangements [9] . Because of this the presented results should rather serve to a qualitative evaluation of observed phenomena. Table 1 . Mean values of the probe current Z , measured in the circuit shown in the Fig. 2 for both directions D of the first half-wave of the magnetic field: ,,+" (Fig. 6) and ,,-" opposite to it; explanation of other symbols in 5. CONCLUSIONS 1. The Lorentz force acting on ions dominates the plasma moving in a pulsed transverse magnetic field in the tested conditions. Electrons and ions in the plasma under influence of the transverse magnetic field, in spite of the opposite forces acting on these both kinds of particles, form a quasi uniform space structure, which is likely the result of balance of these forces.
2. There were not observed any disturbances of the arc current due to the disturbances of the arc in the transverse magnetic field. However, the pulsed magnetic field causes a certain dispersion of the arc plasma to other elements of vacuum chamber connected with the cathode. This property could be used in practice to a forced current interruption in vacuum.
